Southern hybridization experiments carried out between pSC 10 1 : : Tn95 1 DNA and idlac DNA allowed the location and orientation of the lac operon within the transposon to be deduced. The same method was used to detect Tn95 1 on Lac plasmids from 11 independent isolates from three continents. None of these plasmids was found to carry an entire Tn951 sequence but they all contained lac genes homologous to the lac genes of Tn95 1. The lac operon of one of these plasmids was bordered by a sequence homologous to that found at the left-hand side of Tn951. It is concluded that the lac determinants of the Lac plasmids analysed and of Tn951 have evolved from a common ancestor but that the distribution of these determinants cannot be attributed to a spread of the transposon Tn95 1.
I N T R O D U C T I O N
Plasmids encoding lactose utilization have been found in many different Gram-negative species of bacteria (for review, see Le Minor et al., 1974) . In one instance it has been shown that the plasmid-borne lac genes are part of a 16-6 kilobase (kb) transposon called Tn951 (Cornelis et al., 1978 (Cornelis et al., , 1979 . The lactose-utilizing genes from various plasmids have many features in common with the Escherichia coli lac operon (Falkow & Baron, 1962; Reeve & Braithwaite, 1974; Guiso & Ullmann, 1976) , and the lac genes from Tn951 hybridize with the E. coli chromosomal lac operon (Cornelis et al., 1978) . However, lac operons found on various plasmids (Guiso & Ullmann, 1976 ) and on Tn95 1 (M. Panagiotakopoulos & G. Cornelis, unpublished results) do not encode lactose acetyltransferase (the lacA gene product). In agreement with this, the homology between the E . coli lac operon and Tn951 is restricted to 5.6 kb, i.e. the size of the l a d , Z and Y genes (Cornelis et al., 1978) . The similarity between the lac operons found on different plasmids strongly suggests a common evolutionary origin and one might entertain the possibility that the lac operon was distributed on various plasmids by a transposon such as Tn95 1. In this communication, I report that the lac genes from several plasmids of very different origins hybridize with the lac operon of Tn951 but that none of these plasmids contains an entire Tn95 1 sequence.
M E T H O D S
Plasmids and phages. Plasmids are listed in Table 1 . Phages used were Ar 14 (AN-N-c1857r14: :IS 1 ; Brachet et al., 1970) and Mlac (AcI857St68h80dlac+; Miller, 1972) . Phages were prepared and DNA was extracted according to the methods of Cornelis et al. (1 978) and Cornelis & Saedler (1 980) .
Isolation and handling ofplasmid DNA. pWR1 and pWR2 DNA was extracted from derivatives of Escherichia coli JC 1569 (lucY1). DNA from other conjugative plasmids was extracted from derivatives of E. coli JC63 10 or JC3272 (both lacAX74). pRE1426 DNA was extracted from Klebsiella sp. RE1426 and pGC100 DNA from Yersinia enterocolitica IP7172. The method used to extract the plasmid DNA was that described by Sharp et al. (l972) . 32P labelling of plasmid DNA in vitro was done by nick translation according to Maniatis et al. (1 975) . Agarose gel electrophoresis and Southern hybridization were done according to the methods outlined by Cornelis & Saedler (1980) .
G . C O R N E L I S
Enzj-mes and radiochernicals. RNAase was obtained from Serva. DNA polymerase 1 and restriction endonucleases HindIII and BamHI were purchased from Boehringer. Restriction endonuclease EcoRI was a gift from J . Grinsted. la-32PldATP (350 Ci mmol-'; 13 TBq mmol-') was obtained from The Radiochemical Centre, Amersham.
R E S U L T S
Preliminary experiments showed that HindIII digests of pGC30 DNA contained a fragment of the same size as fragment C of Tn95 1 while digests of the other plasmids tested (Table 1) did not contain any of the internal fragments of Tn95 1 (data not, shown). T o obtain conclusive evidence of whether sequences of Tn951 are present on these various lactose plasmids, hybridization experiments were carried out using the Southern blotting procedure (Southern, 1975) .
To locate the lac operon within Tn951, 32P-labelled Adlac DNA was hybridized with the fragments of pSC 10 1 : : Tn95 1 produced by digestion with restriction endonucleases HindIII, BamHI and EcoR1. The restriction map of Tn95 1 is given in Fig. 1 . As shown in Fig. 2 , Adlac DNA only hybridized with fragments 5 and 6 of the transposon. The latter fragment is known to contain an IS1 sequence, between coordinates 3.1 and 3.9 kb (Cornelis & Saedler, 1980 -----
Restriction map of Tn951. The letters at the bottom of the figure identify the fragments generated by endonuclease HindIII. The numbers at the top refer to fragments generated by a triple digestion with endonucleases HindIII (H), EcoRI (E) and BamHI (B). P designates the position of a PstI cleavage site. The coordinates of the restriction cuts are in Tn95 1 coordinates (kb) (Cornelis et al., 1979) . The map also shows the position of an IS1 sequence (Cornelis & Saedler, 1980) and the lac operon (this paper). 10.6 kb and, given a value of 5.6 kb for the lac operon, the maximum distance between the lac operon and the IS1 sequence is 1.1 kb. These mapping results, together with those for a molecular rearrangement observed previously (Cornelis & Saedler, 1980) , allowed the orientation of the operon within the transposon to be deduced in the following way. In TnZacl6, a lactose-negative derivative of Tn95 1, the transposon has suffered a re-insertion of IS1 at coordinate 8-4 kb and an inversion of the 3-9-8.4 kb sequence (Cornelis & Saedler, 1980) . Since this mutant expresses the phenotype LacI+Z+Y-, IS1 must have inserted either in lacy, or at the very end of ZacZ (so that it did not inactivate the galactosidase), thus separating lacy from the lac promotor. Given the size of the lac genes, these data are only compatible with the order IS1, lacZ, P, 0, 2, Y.
DNA from various lactose plasmids was nick-translated and hybridized to HindIII digests of RPl::Tn951 (=pGC9114) and pSClOl ::Tn951 (=pGC60l) (Fig. 3) . All the lactose plasmids hybridized with fragment A of Tn95 1 and plasmids pGC30, pIP235, pRE1426, L47 and L14 also hybridized weakly with fragment B; in addition, plasmids pGC30 and pGC 100 hybridized with fragment C, and plasmid pRE1426 hybridized with fragment D (not visible on Fig. 3) . These experiments clearly indicated that none of these lactose plasmids carries an entire Tn95 1 sequence. However, no conclusion could be drawn about homologies within the lac operon because of the presence of the ubiquitous IS 1 sequence within fragment A.
To demonstrate the homologies between the lactose regions, 32P-labelled plasmid DNA was hybridized with a triple digest of Tn951. As shown in Fig. 4 , all the plasmids hybridized Fig. 3 . Hybridization of 32P-labelled DNA from lactose plasmids with DNA from plasmids carrying Tn95 1. Tn95 1-containing DNA (I and 11, pGC9114; 111 and IV, pGC601) was digested with HindIII and electrophoresed through a 1 % agarose gel. The gel was blotted on to nitrocellulose filter strips and the DNA was hybridized with nick-translated DNA from the lactose plasmids: 1, pGC30; 2, pWR1; 3, pIP234; 4, pIP235; 5, pWR2; 6, pRE1426; 7, pGC601 (control); 8, L47; 9, L14; 10, pGC100; 11, pGC60; 12, pGC40. The letters refer to the internal fragments of Tn95 1 (see Fig. 1 ). Fig. 4 . Hybridization of 32P-labelled DNA from lactose plasmids with DNA from plasmids carrying Tn95 1. Tn95 1-containing DNA (A, pGC9 114; B, pGC60 1; C, pGC602) was digested with a mixture of HindIII, EcoRI and BarnHI and electrophoresed through a 1 % agarose gel. The gel was blotted on to nitrocellulose filter strips and the DNA was hybridized with nick-translated DNA from the lactose plasmids: 1, pGC9114 (control); 2, pGCl (control); 3, F42-1; 4, pWR1; 5, pGC30; 6, pGC40; 7, pGC60; 8, pIP234; 9, pGC100; 10, pWR2; 11, L47; 12, L14: 13, pRE1426; 14, pIP235. The numbers at the side refer to the internal fragments of Tn95 1 (see Fig. 1 ).
with both fragments 5 and 6, suggesting that the observed homology was not restricted to hypothetical IS 1 sequences but covered the lac operon itself. Hybridizations with fragment 5 thus confirm and extend the previously reported similarity between the plasmid lac genes and the E. coli chromosomal operon. Plasmid pRE1426 hybridized with fragments 2 and 4 as well as fragments 5 and 6. Plasmids pGC30 and pGC100 hybridized strongly with fragment 7 (C) and pGC30 also hybridized with a low molecular weight fragment which could have been fragment 2, 3 or 8 (not visible on Fig. 4) . Since the previous experiment revealed no hybridization of plasmid pGC30 with fragments D and E (=2 and 3, see Fig. l) , the observed hybridization must involve fragment 8. Plasmid pGC30 thus contains sequences of Tn95 1 that extend outside the lac operon.
Plasmid pGC30 was analysed further. HindIII digests contained a fragment of the same size as fragment C of Tn951 (data not shown) and triple digests contained fragments of the same sizes as fragments 7 and 8 (Fig. 5, lanes A and B) . Restricted DNA from pGC30 was hybridized with labelled pSC 101 : : Tn95 1 (=pGC603) in order to confirm that these two fragments were indeed homologous to fragments 7 and 8 of the transposon. As shown in Fig.  5 (lane I), hybridization revealed homology with at least six bands, two of which were of the same sizes as fragments 7 and 8. It thus seems clear that pGC30 and Tn951 share not only homologous lac operons but also fragments 7 and 8. This, however, does not prove that these three sequences are associated in pGC30 in the same way as they are in Tn951. However, if the lac operon, fragment 7 and fragment 8 are associated in pGC30 as they are in Tn951, pGC30 should contain an IS1 sequence closely linked to the lac operon. A triple digest of pGC30 was therefore hybridized with Adlac DNA and with Ar14 DNA. This clearly revealed that the lac operon is located within two fragments (whereas six fragments hybridized with G . C O R N E L I S pSC 10 1 : : Tn95 1) and that one of these fragments also contains an IS 1 sequence as predicted (Fig. 5 , lanes 2 and 3) . The hybridization of Ar14 DNA with two different fragments of pGC30 also suggests the presence of a second copy of IS1 on pGC30. The results of these experiments thus strongly suggest that the lac operon of plasmid pGC30 is bordered by a sequence homologous to that found at the left-hand side of Tn95 1. One must then assume that the homology between the lac operons of this plasmid and of Tn95 1 is not absolute since pGC30 does not contain the Hind111 fragment 6 of Tn95 1. Variations of restriction patterns have, however, been encountered among other transposable elements, e.g. IS 1 (Cornelis & Saedler, 1980) .
D I S C U S S I O N
The results of the Southern hybridization experiments described in this paper allowed the position and orientation of the lac operon within the transposon Tn951 to be deduced. According to these results, the lac operon is located close to the unique IS 1 sequence recently discovered on Tn95 1 (Cornelis & Saedler, 1980) . Since IS1 and the lac operon together occupy only 6.4 kb, there are about 10 kb of DNA of unknown function on the transposon, 7 kb on one side and 3 kb on the other side. According to what is known for the ampicillin transposon Tn3 (TnA), both of these DNA segments could encode a transposase Gill et al., 1979) , although probably only the right-hand part of the transposon could accommodate a transposase flanked by a regulatory gene as observed in Tn3 (Chou et al., 1979) .
In the case of ampicillin resistance, Heffron et al. (1975) showed that a sequence corresponding to Tn2 (TnA) is common to naturally occurring R plasmids of a variety of incompatibility groups that specify the TEM type of ampicillin resistance. They concluded that these R plasmids arose as a result of the translocation of this sequence of DNA from plasmid to plasmid. These authors also speculated that a large proportion of the 'non-essential' plasmid-mediated determinants may be attributed to a limited pool of translocatable DNA segments. In the case of lactose fermentation, the results presented here, as well as those of Guiso & Ullman (1976) and Reeve & Braithwaite (1974) , indicate that the lac operons found on many plasmids are homologous, which strongly suggests a common evolutionary origin. However, since the homology is restricted to the lac genes themselves, the distribution of these genes on plasmids cannot be attributed to a spread of the transposon Tn951. Another transposon could possibly be present on a great variety of lactose plasmids but this seems rather unlikely since, to date, no lactose transposon other than Tn95 1 has been described. The other alternative would be that, at this stage of the evolution, no functional transposon exists which could account for the existence of most of the lactose plasmids encountered. This situation would thus be slightly different from that observed with antibiotic resistance, but it is not unreasonable in that there seems to have been no dramatic modification in the selection pressure for lactose utilization in the last decades. 
